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INTRODUCTION

Deficient intake of energy, protein or micronutrients is a
major health problem both in less developed as well as in
industrialized countries. In poor areas protein-energy
malnutrition (PEM) is most prevalent among preschool
children, whereas in more developed areas it is most
prevalent among elderly people and hospitalized patients. In
any of these patient groups, epidemiologic studies have
shown that the condition is associated with an increased
mortalityl 2. Mortality is the most severe complication of
malnutrition.

VITAL FUNCTIONS

In malnutrition, as in any disorder, survival depends upon
maintenance of vital functions. Table 1 gives a list of vital
functions that can be endangered in malnutrition, the
mechanisms by which this is supposed to occur and the
epidemiologic correlates that are expected to result. These
vital functions interact in many ways.

Vital organfuelling in malnourished subjects depends on
an increase of gluconeogenesis and the use of ketones as
sources of energy3. This implies a negative nitrogen balance
and a depletion of muscle protein and of fat reserves. If
infection is associated with malnutrition, the production of
ketones is impaired and protein reserves are even more
depleted by gluconeogenesis and by the production of acute
phase proteins and proteins involved in immunologic
response and tissue repair3. It would be predicted,
therefore, that mortality would increase in patients with
severe muscle wasting, especially in the presence of
infection. Mid-upper arm circumference is closely related
to muscle status. Among anthropometric indicators of
nutritional status this has been shown to be the best
predictor of short-term mortality in children4. According to
the muscle mass hypothesis of Briend and co-workers5,
mortality is directly related to the ratio of body muscle mass
to the mass of energy requiring organs, principally the brain.
This would explain that the younger the patient, the higher
the risk.

Tissue oxygenation may be impaired in malnutrition for
several reasons. For example, anaemia is seen very

frequently in malnutrition and has often a nutritional
aetiological component. Severe anaemia is known to be a
frequent cause of death in children in the tropics and a bad
prognostic sign in malnutrition6'7'8. In Mexico, Gomez and
co-workers1 identified severe bronchopneumonia as a
frequent direct cause of death in hospitalized malnourished
children.

Water and electrolyte balance is often impaired, especially in
the most acute forms of malnutrition such as kwashiorkor.
Rapid ionic shifts may occur and life threatening cardiac
arrythmias may result8. Gomez and co-workers also found
that water and electrolyte disturbances very immediately
preceed death in their patients1. Anaemia and oedema may
result in heart failure.

Body temperature maintenance: Malnourished subjects are
unable to maintain their core temperature in a cold
environment7. This may pose problems even in tropical
areas, as temperatures may fall considerably at night.
Hypothermia is considered to have a bad prognosis in
malnutrition.

Clearance of cellular debris, free radicals and toxins
(mycotoxins, gut-derived toxins, endotoxins) is another
vital function. In malnutrition, hepatomegaly is considered
to be the result of an excess of such products9. This may
help to explain why mortality was found to be increased in
the presence of hepatomegalyl. Fibronectin is a protein that
plays a role in this clearance process1. Low serum
concentrations of fibronectin correlate with poor survival
and fibronectin treatment was reported significantly to
improve survival both in kwashiorkor and in marasmus. The
anti-oxidative properties of vitamin A are believed to be
responsible for reduced mortality and reduced severity of
illness observed in some vitamin A supplementation trials,
even in areas without clinical signs of vitamin A deficiency12.

Immunologic defence is impaired in malnutrition, especially
T-cell function. Infections tend to last longer and lead more
frequently to septicaemia. Moreover, clinical signs of
infection such as fever are often absent or reduced in
severe malnutrition7. Anorexia may be the only sign of
infection. Consequently, infections are often underdiagnosed
or only recognized in an advanced stage. Treatment is often
delayed and becomes more difficult. This is all worse in poor
areas. Poor accessability to health care13, lack of maternal
education14, preferential concern for the health of male
children15, contribute to late, inadequate and unsustained

Bureau Nederlandse Groeistichting, Academisch Ziekenhuis Leiden,
Rijnburgerweg 10, PO Box 9600, 2300 RC Leiden, The Netherlands 487



JOURNAL OF THE ROYAL SOCIETY OF MEDICINE Volume 88 September 1995

Table 1. Vial functions endangered in malnutrition and epidemiologic correlates

Epidemiologic correlate: mortality
Vital function (Potential) Disturbance in malnutrition increased in malnutrition with

1 Vital organ fuelling Necessity of muscle breakdown and fat Severe muscle wasting
depletion Low arm circumference

Hypoglycaemia

2 Tissue oxygenation Anaemia Anaemia

Cardiac disturbances Concomitant cardio-pulmonary disorder

3 Water/electrolyte balance Potassium depletion Kwashiorkor>marasmus

Water and sodium retention Oedema

Oedema (kwashiorkor)

4 Body temperature maintenance Deficient thermoregulation Hypothermia

5 Clearance of debris, free radicals, toxins Low fibronectin Hepatomegaly

Vitamin A deficiency Low fibronectin

Deficient clearance systems?

6 Immune defence Immunodeficiency Infections

response to both malnutrition and infection and eventually to
increased mortality, especially in girls. From the above it is
clear that many factors determine the severity and prognosis
of malnutrition. Metabolic exhaustion, acuteness of PEM
and defence against infections are among the most important
ones16.

WEIGHT-FOR-AGE LEVELS

In clinical practice as well as in epidemiologic field studies,
the severity (degree) of PEM is often assessed by different
levels of weight-for-age (WFA)1, weight-for-height
(WFH)17 or weight loss. In PEM, changes in body weight
reflect combinations of different degrees of (pre)oedema,
water and sodium retention, dehydration by diarrhoea,
muscle wasting, depletion of glycogen and fat reserves,
reduced brain weight, growth arrest, bone demineralization,
hepatomegaly and atrophy of lymphoid organs3. These
nutritional changes do not all cause weight loss.
(Pre)oedema, water and sodium retention, and
hepatomegaly rather act in the opposite direction. Yet,
because muscle wasting usually is the most important
component, the net result is mostly weight loss, except in
some very acute forms of kwashiorkor. The components of
nutritional weight change have a different timing. Also, a
same weight (for age or for height) or a same weight loss
may represent different degrees of severity. For example,
the same weight loss is more severe if there is pre-oedema
and/or hepatomegaly. Single body weight measurements
cannot distinguish whether or not a patient is in negative
nitrogen balance. For example, many stunted (low height-
for-age) children also have a very low WFA but are no
longer acutely malnourished. They are anabolic again; this

dramatically improves their prognosis compared to their
former status4. Some low birth weight infants may have
been malnourished in utero only and have high weight
velocity but low WFA. It should thus be clear that there is
no straightforward relationship between WFA, WFH or
weight velocity and severity of PEM. The use of WFA or
WFH reference cut-offsl ,17 is inappropriate not only for
assessing the severity of malnutrition but even for
determining the presence or absence of malnutrition.
Indeed, it has been shown that children with a WFA or
WFH falling within the so-called normal limits may be
clinically malnourished, even severely marasmic18. It appears
that such normal-weight malnutrition, also called clinical-
anthropometrical mismatch, is probably very frequent. The
reason might be that children who are genetically
predisposed to grow along higher percentile lines, may, as
a result of undernutrition, drop to lower, still 'normal',
percentiles but become clinically malnourished. On the
other hand, some children below the reference may just be
genetically small and light.

ACCURACY OF PREDICTION

In spite of the inappropriateness of weight-based
anthropometric indicators for individual nutritional
diagnosis, on the population level, prevalence and severity
of PEM increase with lower anthropometric scores. This
explains why epidemiologic studies have found that child
mortality increases with lowering WFA or WFH or weight
velocity19'20'21. The form of the relationship seems to be
(double) exponential15. According to Pelletier and co-
workers, the relationship is of a log-linear type22, which
they regard as indicating a multiplicative rather than an488
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additive interaction between disease exposure and
malnutrition in the causation of mortality. Because of the
existence of an epidemiologic relationship between mortality
and weight-based anthropometric indicators, these indicators
have been used to predict mortality in individuals4'21 23. The
predictive capacity of these methods is disappointingly low,
however. This is not only because of the lack of
straightforward relationship between severity of PEM and
the weight-based indicators, but also because death is usually
a relatively rare event, even in areas with high mortality and
even in malnourished children. In very ill, severely
malnourished hospitalized children, the accuracy of
prediction seems to be better1. Weight-based
anthropometric indices have also been used for delineating
high-risk subgroups of children for selective nutritional
rehabilitation measures. Such selection methods should be
regarded as inappropriate. 'Underweight' (low WFA) and
'wasted' (low WFH) children are only a fraction of all
malnourished children. Even severely marasmic children
may not be detected by these methods. To direct nutritional
interventions selectively to 'underweight' or 'wasted'
children may indeed help a subgroup of children with an
increased risk of death, but will not much influence the
prevalence of malnutrition and mortality in the community.

CAUSE OF DEATH

It is difficult to quantify the contribution of PEM to the high
rates of death in early childhood in deprived areas. One
problem is that most cause-specific mortality statistics
usually do not indicate nutritional deficiencies as a cause of
death. There are severe diagnostic problems both with
anthropometry and with 'verbal autopsies' and it is difficult
to discern primary and contributory causes of death. In
mortality statistics, infections, especially diarrhoea and acute
respiratory infections are mostly mentioned as primary
causes. Infections and malnutrition may increase each other's
severity but have also properties that may lead
independently to a fatal outcome. So far, it is not clear
how much mild to moderate malnutrition may contribute
but that contribution is probably high18'22,24'25. The
contribution of malnutrition to mortality in a particular
area varies not only with its prevalence and severity, but also
with prevailing pattern of diseases26. Malaria is considered to
be unrelated to nutritional status whereas malnutrition and
diarrhoea are almost inseparable. Hence, in areas with
malaria hyperendemicity and low prevalence of diarrhoea,
the contribution of malnutrition to mortality is expected to
be lower for the same prevalence of malnutrition27. Thus, it
is clear that accurate estimation of the contribution of
malnutrition to child mortality becomes very complicated if
not impossible. For practical comparative purposes,
however, it has become common practice to base these

estimations either on prevalences of 'wasting',
'underweight'25, or on the risks of death associated with
them.

CONCLUSION

To conclude, the relationship between malnutrition and
mortality is complex, difficult to study and not fully
understood. Malnutrition is a symptom of poverty, at least
in the majority of the Third World children. For them,
nutritional interventions in their many forms can not be but
a symptomatic treatment of one of the many effects of
poverty on populations. Poverty itself is not just monetary.
It is political, affecting the fabric of society, cultural and
social, affecting the status of women and children, and also
has educational input, depriving parents of the knowledge
they need to care for their children. Indeed, health should be
a sustainable state28 but global poverty and one of its
correlates, malnutrition, are all too often self-sustaining
states. This remains a painful truth after several decades of
development aid projects in the Third World. The many
mechanisms by which this state is sustained and the ways
they could be countered are just beginning to be understood.
Thus, there is some hope that the inclusion of measures
which produced sustained change into integrated
development programmes, will eventually lead to greater
and durable reductions of malnutrition and mortality.
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